SUMMARY
INTRODUCTION
A vision-threatening microvascular complication of diabetes reported in about one-third of patients is diabetic retinopathy (DR) [1] .
According to American Diabetes Association and Diabetic Retinopathy Guidelines, DR can be categorized as early non-proliferative diabetic retinopathy (mild NPDR), moderated and severe, or pre-proliferative diabetic retinopathy (PPDR), and proliferative diabetic retinopathy (PDR) [1] . Microaneurysms and blot hemorrhages are clinical sings of mild non-proliferative DR. In the middle stages, NPDR hard exudates, maculopathy, venous changes, retinal capillary loss and ischemia, cotton wool or soft exudates, dot, blot spots, and extensive intraretinal hemorrhages are present [2] . Neovascularization, preretinal and vitreous hemorrhage, fibrovascular proliferation, and retinal detachments are present in patients with PDR [2] .
Retinal tissue is rich in polyunsaturated fatty acids, is directly exposed to UV radiation and has high demand for energy, which makes it prone to oxidative stress. Oxidative stress is proven in patients with DM and is also important in the development of a microvascular complication of DMT2 [3] [4] [5] [6] .
The objective of this paper was to investigate the correlation of the number and the diameter of retinal blood vessels as morphometric parameters and oxidative stress parametersoxidation protein product (AOPP), thiobarbituric acid reactive substances (TBARS) and total sulfhydryl (SH) groups, as the parameter of antioxidative defense in patients with diabetic retinopathy.
METHODS

Subjects
The study included 51 Caucasian patients. Seventeen patients (nine males and eight females) were with mild NPDR and nine patients (four females and five males) had PPDR. The control group included 25 healthy individuals (14 males and 11 females). Family history of diabetes was negative. The excluding criteria were intraocular inflammatory diseases (scleritis, uveitis), glaucoma and age-related macular degeneration, smoking, use of angiotensin receptor blockers, antioxidants or mineral supplements, any previous ophthalmic surgical or laser interventions. The study was performed at the Clinic for Eye Diseases, at the Center for Biochemical Research of the Clinical Centre Niš, and the Department of Biochemistry, Faculty of Medicine, University of Niš, Serbia. All the patients were informed about the methods and the aim of the study, and their written informed consent to participate was obtained. The study was performed in agreement with the rules and was approved by the Internal Ethic Committee of the Faculty of Medicine in Niš.
In all subjects, the ophthalmic examination attains the following: best corrected visual acuity, tonometry, anterior segment and posterior segment examination by indirect ophthalmoscopy, fundus photography, and fluorescein angiography. Fundus photography and fluorescein angiography were done in all the patients with DR, under the same conditions, using the same digital fundus camera and by the same ophthalmologist. ETDRS classification was used for the staging of the DR [2] .
Blood chemistry analysis
Glycaemia, HbA1C, total cholesterol and its fractions (LDL-C and HDL-C), and triglycerides were measured in blood samples with AU680 clinical chemistry analyzer (Olympus Corporation, Tokyo, Japan). The samples were collected in early morning on an empty stomach.
AOPP was determined in the plasma using the method of Witko-Sarsat et al. [7] . The concentration of AOPP groups was expressed in μmol/L.
Total SH concentration was determined by using 5-5'-dithiobis-(2-nitrobenzoic acid) [8] . Absorbance was measured at 412 nm against blank samples and expressed as mmol/L. Concentrations of SH groups were expressed in μmol/L. TBARS were determined by the modification of the TBA method [9] . The concentration of TBARS was expressed in μmol/L.
Morphometric analysis
Morphometric analysis of the digital fundus photography was preformed using the ImageJ software in all examined participants. Both eyes in each patient were analyzed (Figures 1 and 2 ). According to the manufacturer instructions, spatial calibration for the magnification of retinal digital camera (1 pixel = 17.7 µm) was used. In the first phase of the morphometric analysis, the optic disc Ferret's diameter (D F ), circularity, and centroid were measured. Subsequently, in the second phase we applied the "concentric circles" plugin in order to divide retinal images into five concentric zones whose center was the centroid of the optic disc (Figure 1 ). The first concentric area was the optic papilla and the area next to it was marked as the first zone (zone I). Other zones (zones II-V) were marked according to the gradual increase of their distance from the optic disc. The zones were constructed as equal and their size in different patients depended on the optic disc location in the retinal images. Macular region was located in zones II and III. The number of retinal blood vessels in each retinal zone, including the optic disc was established with the "cell counter" plugin. In the case of blood vessel bifurcations, two newly formed blood vessels were counted as separate vessels. The outer diameter of all counted blood vessels (D BW ) in one zone was measured at three different localizations in each of them, and then the mean value was calculated. The same method was used in the study by Cekić et al. [10] .
Statistical method
Statistical package NCSS PASS 2007 (National Council for the Social Studies, USA) was used for the statistical analysis. Kruskal-Wallis one-way ANOVA test and Dunn's post-hoc test were used to compare median values between Correlations between parameters were established by Spearman's rho (ρ).
RESULTS
The patients were classified into two groups according to changes detected by indirect ophthalmoscopy, fundus photography, and fluorescein angiography. ETDRS classification was used. In patients with mild DR, a small number of microaneurysms was detected. Microaneurysms, different forms of hemorrhage (dot, blot spots, and intraretinal hemorrhages) and cotton walls, venous bleeding and intraretinal vascular abnormalities (IRMAs) in two or more quadrants were detected in the group of patients with PPDR.
The mean age of the examined group of patients and results of the median values of evaluated parameters of blood are presented in Table 1 . Median duration of DMT2 in the two groups of patients was not statistically different (Z = 1.89, p = 0.06) ( Table 1 ). The levels of hemoglobin A1C (HbA1C) were higher in the group with very severe form and were significantly higher than those in the group with mild NPDR (Z = 2.26, p < 0.001).
The values for AOPP and TBARS as biomarkers of oxidative stress, and total SH groups as parameter of antioxidative defense are presented in Table 1 . The values for SH group were higher in group with mild NPDR than in controls and group of patients with PPDR (F 24.08, p < 0.001).
Levels of AOPP were significantly higher in group of patients with DR than in controls, as well as among the two different groups with different form of DR (F 77.03, p < 0.001) as well as levels of TBARS (F 63.28, p < 0.001).
The results of the morphometric analysis were used for cluster analysis (k-means method) and mean values are given in Table 2 . These tables also present the results of the Student's t-test.
The values of the average number of observed blood vessels increased from the optic disc towards zone III and then decreased gradually towards zone V. The average number of blood vessels per zone showed a similar trend on the left side in the group of patients with mild NPDR. In the group with PPDR in zones I, II, and III there was a significantly higher average number of blood vessels than in the optic disc and zones IV and V.
The average blood vessel outer diameter decreased from the optic disc towards zone V, and this decrease was significant on the right side in mild NPDR and in PPDR.
The outer diameter of the blood vessels in zones III, IV, and V was significantly (p < 0.05) lower than in the optic disc. This parameter showed a similar trend in mild NPDR and PPDR. On both eyes and in both groups of examined patients (NPDR and PPDR), the outer diameter of blood vessels decreased from the optic disc towards zone V.
Finally, correlation analysis revealed that the outer diameter positively correlated with the levels of AOPP (Table  3) . This correlation was present on the optic disc and in zones I-III and only for patients with the early or mild form of NPDR. The levels of SH groups also had similar correlation with morphological parameters of blood vessels but not in all the zones and only in the group of patients with PPDR (Table 4 ). This correlation was not present for levels of TBARS (Tables 3 and 4) .
DISCUSSION
Oxidative stress is proven in patients with DM and in pathogenesis of the microvascular complication [11, 12] . The objective of the present study is to investigate the correlation between the levels AOPP and TBARS with the severity of the disease and morphometric parameters of retinal blood vessels.
in plasma of examined patients with DR, significantly higher levels of AOPP and TBARS were present, which correlated positively with the progression of DR (Table 1) . Correlation analysis revealed that AOPP and the diameter of retinal blood vessels correlated positively in patients with mild, early stage of DR (Table 3 ). According to this result, AOPP maybe a biomarker of early changes in DR.
In diabetes, the formation of AOPP is induced by intensified glycoxidation processes, oxidant-antioxidant imbalance, and coexisting inflammation. The role of AOPP in pathogenesis of DR could be explained by its structural and biological similarity with advanced glycation product (AGE) [13] . Also, it is proposed that AOPP expresses proinflammatory activities [13, 14] .
AOPP accumulation contributes to DR thought direct tissue damage effects, as well as thought the activation of specific AGE receptors (RAGE) [13, 14, 15] . RAGE activation induces permeability of microvascular endothelial cells and the production of reactive oxygen species (ROS). Endothelial damage due to accumulation of AGE, activation of PKC, increased expression of vascular endothelial growth factor and intercellular adhesion molecule (ICAM-1), and increases in ROS lead to the expression of endothelial nitrite oxide synthetases. RAGE activation subsequently evokes fibrogenic reaction [11] . Thickening of the basement membrane coupled with its increased permeability, loss of pericytes leading to diminished vessel wall tone, and development of protruding microaneurysms, as well as proliferation of mesangial cells and consequent obstruction and obliteration of capillaries are results of all of these processes.
The results of morphological changes in our examined patients have shown the outer diameter of blood vessels decreased significantly with the progression of DR ( Table  2 ). The same results are presented in a study by Cekić et al. [10] . The remodulation and regression of vascular net in DR has been in focus of many different studies [12, 13] . Formation of peroxynitrite due to a reaction between ROS and nitric oxide further causes endothelial dysfunction. Increased apoptosis of retinal capillary cells is a result of the damage of the mitochondrial lipid membrane by ROS. Increased nitrate stress in retinal vascular cells, via the activation of nuclear transcriptional factor, NF-kB by AGE, leads to apoptosis of retinal pericytes [12, 16] . Our results have shown that the levels AOPP correlate with the severity of DR.
the levels of TBARS are elevated in both groups of patients with DR and correlate with the severity of disease (Table 1) . However, the levels of this parameter of oxidative stress did not show a correlation with retinal blood vessels in our study. Similar results are presented in the study SH -total sulfhydryl groups; AOPP -advanced oxidation protein product; TBARS -thiobarbituric acid reactive substances; NPDR -non-proliferative diabetic retinopathy; PPDR -pre-proliferative diabetic retinopathy; PC -papillar circularity; PD F -papillar diameter; PN BV -papillar number of blood vessels; PD BV -diameter of blood vessels on papilla / optic disc; L -left eye; R -right eye; Z -zone; N BV -number of blood vessels; D BV -diameter of blood vessels [17] . TBARS serve as potential biomarkers for DR.
The antioxidant status of a diabetic patient has an important role in producing oxidative stress and the development of vascular complications in patients with DM. The reports of antioxidants and antioxidant enzymes in DR patients are contradictory [4, 5, 6, 18] . The total thiol levels as a marker of antioxidant status in diabetics has shown to be significantly decreased in patients with DR. In our study, the levels of total SH group in serum were higher in NPDR, and significantly lower in PPDR. An inverse correlation between the level of HbA1C and total SH groups in patients with a moderated form of DR indicate a reduction in antioxidant status in poorly controlled patients. Sharma et al. [19] have demonstrated that decreased GSH levels in patients with PDR are associated with in vivo structural changes of the retina. These results correlate with our own, but the precise mechanisms are still unclear. Therefore, the levels of total SH groups could be predictive for the development of DR and its progression.
CONCLUSION
These findings suggest that AOPP and TBARS can be used as a biomarker for DR and its progression. The levels of AOPP correlate with the diameter of retinal blood vessels in the early stage of DR -hence, AOPP may be a parameter of the early stage of DR.
Limitations of this study that should be noted are the following: only Caucasian patients were included, the influence of local and ocular factors on retinal blood vessel caliber could not be avoided. More precise medical imaging and correlation with the studied parameter are needed.
